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The role of feedback control in biosynthesis



Applications of engineered biological systems
Metabolic engineering
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Native BIA pathway
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Synthetic BIA pathway

Late SynBIA pathway

Hawkins KH, Smolke CD. 2007. In preparation.



Late Synthetic BIA pathway
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(R,S)-Norlaudanosoline  (R,S)-6-O-Methyl- (R,S)-3’-Hydroxy-N- )-Reticuline
norlaudanosolme methylcoclaurine

Peter Facchini, U. Calgary
Ounaroon A, et al. 2003. Plant J. 36: 808-19



Production of 6-O-Methyl-norlaudanosoline
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Production of 3’-Hydroxy-N—methyIcocIaurine
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Production of (R,S)-Reticuline
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Optimization of (R,S)-Reticuline production
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Optimization of (R S)-Reticuline production
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Optimization of (R,S)-Reticuline production
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Optimization of (R S)-Reticuline production
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BIA synthesis beyond reticuline — berberine branch
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BIA synthesis beyond reticuline — berberine branch
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BIA synthesis beyond reticuline — morphine branch
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BIA synthesis beyond reticuline — morphine branch
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Tools for optimizing BIA production
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A ribozyme switch platform for up-regulating expression
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A ribozyme switch platform for down-regulating expression
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Integrating RNA devices as noninvasive sensors of
metabolite concentration
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Integrating RNA devices as noninvasive sensors of
metabolite concentration
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Scalability challenge: libraries of nucleic acid sensors

Random pool
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Specificities of BIA-binding aptamers
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Integrating synthetic metabolic networks and RNA-
based control systems

Metabolic pathway engineering requires a host of tools for
optimizing flux and product accumulation

User-programmed feedback control systems are useful for
dynamically controlling flux through pathways

Developing new genetically encoded tools for receiving,
processing, and transmitting molecular information

Response properties can be programmed to fit the
performance specifications of a given application

These technologies will advance the engineering of more
robust cellular systems
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Optimization of (R S)-Reticuline production
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Modularity of the sensor domain
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Modularity of the sensor domain
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Programming response properties of ribozyme switches
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